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The  goal  of  this  study  is  to  determine  the  gender  based  on  finger  ridge  count  within  a  well-defined  area. 
Rolled  fingerprints  were  taken  from  550  subjects  (275  men  and  275  women)  belonging  to  South  Indian 
population  all  within  the  age  range  of  18-65  years.  Results  show  that  women  have  a  significantly  higher 
ridge  count  than  men.  Application  of  Baye’s  theorem  suggests  that  a  fingerprint  possessing  ridge  density 
<13  ridges/25  mm2  is  most  likely  to  be  of  male  origin.  Likewise,  a  fingerprint  having  ridge  count  >14 
ridges/25  mm2  are  most  likely  to  be  of  female  origin.  These  results  are  helpful  as  a  tool  for  fingerprint 
experts  as  they  can  be  used  as  a  presumptive  indicator  of  gender  based  on  the  degree  of  ridge  density. 

©  2011  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Dactylography  is  the  process  of  taking  impressions  of  the  pulp  of 
the  fingers  and  thumbs  on  an  unglazed  white  paper  and  examining 
them  with  a  magnifying  lens.1  Although  fingerprints  have  been 
noted  and  used  since  antiquity,  a  25-year  burst  of  activity  that 
secured  adoption  of  their  use  for  identification  began  about  1880s. 
New  modifications  and  applications  have  continued  to  the  present.2 
No  two  fingers  are  found  to  have  identical  prints,  and  it  is  an  over¬ 
whelming  mathematical  probability  that  no  two  ever  will  be  found 
to  match.3  It  has  long  been  recognized  that  the  fingers,  palms  of  the 
hands  and  soles  of  the  feet  of  human  bear  friction  ridge  skin.  These 
areas  are  characterized  by  a  complicated  pattern  of  “hills  and 
valleys”.  The  hills  are  called  ridges  and  the  valleys  furrows.4 

Many  studies  have  been  carried  out  on  the  method  of  storing 
fingerprints,  for  rapid  search  and  matching  of  fingerprints  in 
computers  around  the  world,  but  very  few  studies5-7  are  available 
on  determining  the  gender  of  an  individual  from  friction  ridge 
count  of  a  fingerprint.  Hence  this  study  was  taken  up  to  determine 
the  gender  of  an  individual  from  finger  ridge  count  among  South 
Indian  population. 
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2.  Materials  and  methods 

The  study  was  conducted  in  the  department  of  Forensic  Medi¬ 
cine  and  Toxicology,  J.S.S.  Medical  College,  Mysore,  India.  In  this 
study  550  subjects  (275  men  and  275  women)  were  randomly 
picked  from  South  Indian  population,  all  within  the  age  group  of 
18-65  years.  Non  Resident  Indians  and  subjects  from  Central, 
Western  and  Eastern  India  were  excluded  from  the  study.  Subjects 
with  any  evidence  of  disease  and  injury  of  the  fingertips  that  was 
likely  to  alter  the  fingerprint  pattern  (leprosy,  scars  of  the  finger¬ 
tips,  lacerations,  etc.)  were  excluded.  Informed  written  consent  was 
obtained  prior  to  taking  the  prints.  The  materials  used  for  this  study 
were  pre-inked  strips  measuring  250  x  75  mm,  a  foldable  magni¬ 
fying  lens  of  8x  magnification,  transparent  film  strip,  pencil, 
measuring  scale  and  proforma. 

The  subjects  were  asked  to  wash  and  dry  their  hands  to  remove 
dirt  and  grease.  They  were  asked  to  keep  their  hand  relaxed  and  not 
to  try  to  help  in  rolling  the  fingers  as  this  may  cause  smudging.  The 
level  of  the  printake  strip  was  placed  in  such  a  way  that  there  was  no 
strain  or  pressure  on  the  fingers.8  It  was  placed  at  the  edge  of  the 
table,  so  that  the  subject’s  fingers  which  are  not  being  printed  will  not 
interfere  with  the  manipulation  of  other  fingers  in  printing  process.8 
It  was  placed  at  a  sufficient  height  to  allow  the  subject’s  forearm  to 
assume  a  horizontal  position  when  fingers  are  inked.9  Excessive 
pressure  on  the  fingers  while  inking  and  recording  was  avoided.  Then 
the  fingers  were  rolled  from  nail  to  nail  over  the  printake  strip,  taking 
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Fig.  1.  Technique  used  to  count  dermal  ridges  in  this  study.  All  the  ridges  within  the 
depicted  5  mm  x  5  mm  were  calculated.7 

care  to  ink  the  complete  ridge  pattern  of  distal  phalanx  and  upper 
portion  of  the  middle  phalanx.  After  the  right  hand  fingers  were 
inked,  the  fingers  were  rolled  in  an  appropriate  position  on  the 
proforma.  The  fingers  were  rolled  away  from  the  body  of  the  person.8 


Table  2 

Probability  densities  &  likelihood  ratios  derived  from  observed  ridge  count. 


Ridge  count 

Probability  density 

Likelihood  ratio 

Favored  odds 

Male  (C) 

Female  (C1) 

LR  (C/C1) 

LR  (CVC) 

Male 

Female 

10 

0.09 

0.02 

4.50 

0.22 

0.2692 

0.7308 

11 

0.14 

0.05 

2.80 

0.35 

0.3131 

0.6869 

12 

0.22 

0.08 

2.75 

0.36 

0.3296 

0.6704 

13 

0.28 

0.13 

2.15 

0.46 

0.3023 

0.6977 

14 

0.16 

0.26 

0.61 

1.625 

0.1041 

0.8959 

15 

0.06 

0.22 

0.27 

3.66 

0.0161 

0.0839 

16 

0.02 

0.13 

0.15 

6.5 

0.0297 

0.9703 

17 

0.001 

0.08 

0.01 

80 

0.  0 

1.0000 

traditional  ridge  count  method,  yet  do  not  lack  epidermal  ridges  in 
the  biological  sense.12  Ridge  thickness  and  furrows  are  two  impor¬ 
tant  factors  which  determine  density  of  ridges.10-12  Since  ridge 
counting  was  done  within  a  well-defined  area,  both  these  parame¬ 
ters  have  been  considered  in  this  study.  Error  rates  were  consider¬ 
ably  reduced  as  ridge  counting  was  done  by  two  researchers. 

After  the  ridge  counts  were  done  individually  for  all  the  ten 
fingers,  the  mean  value  was  calculated.  Data  was  analysed  statis¬ 
tically  using  SPSS  (Statistical  Programme  for  Social  Sciences) 
version  14.0.  The  alpha  level  of  significance  was  set  at  0.05  for  all 
statistical  calculations.  The  likelihood  ratio  (LR)  was  calculated  to 
obtain  the  probability  inferences  of  gender,  based  on  ridge  density 
values.  This  likelihood  ratio  was  based  on  Baye’s  theorem.13 


LR  = 


Probability  of  a  given  fingerprint  originating  from  male  contributor  (C) 
Probability  of  a  given  fingerprint  originating  from  female  contributor  ( C1 


The  same  was  repeated  for  the  left  hand.  In  this  way,  for  each  and 
every  individual  rolled  fingerprints  of  all  ten  fingers  were  obtained. 
Rolled  fingerprints  were  taken  because  they  show  the  full  pattern 
area  including  deltas  and  all  ridge  characteristics. 

After  taking  the  fingerprints,  the  upper  portion  of  the  radial 
border  of  each  print  was  chosen  as  an  area  for  the  data  collection, 
because  all  fingerprint  pattern  types  showed  a  similar  ridge  flow  in 
this  region.1011  In  this  selected  area,  epidermal  ridges  of  both  men 
and  women  were  counted  carefully  within  a  square  of  5  mm  x  5  mm 
drawn  on  a  transparent  film  fixed  to  a  lens.10-12  Counting  started 
from  one  corner  of  the  square  to  the  diagonally  opposite  corner  in 
a  zigzag  manner.12  Fig.  1  depicts  the  technique  used  to  count  the 
ridges  in  this  study. 

The  traditional  ridge  counting  methods  were  not  used  in  this 
study  because  of  the  fact  that  arches  lack  ridges  according  to 


Table  1 

Descriptive  statistics  of  ridge  density  in  both  males  and  females. 


Descriptives  Males  Females 


Mean 

12.5716 

14.1455 

Median 

12.7000 

14.1000 

Mode 

12.00 

14.00 

Standard  deviation 

1.49361 

1.68411 

Variance 

2.231 

2.836 

Range 

6.90 

7.90 

Minimum 

9.50 

9.50 

Maximum 

16.40 

17.40 

Percentiles 

25 

11.5000 

13.3000 

75 

13.5000 

15.3000 

3.  Results 

Descriptive  statistics  of  ridge  density  in  both  males  and  female 
subjects  are  shown  in  Table  1. 

The  mean  value  of  ridge  density  for  male  was  12.57  and  that  of 
female  was  14.14. 

Table  2  shows  the  probability  density  for  men  (c)  and  women 
(c1)  and  using  these  values,  the  likelihood  ratios  (c/c1)  and  (cj/c) 
were  calculated. 


Fig.  2.  Frequency  distribution  of  dermal  ridge  density  observed  from  males  and 
females  of  South  Indian  population. 
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Table  3 

Gender  differentiation  by  finger  ridge  count  among  various  studies. 

Author  Race  Mean  ridge 

count 


Male  Female 


Reddy  CC14 

Bagatha’s  of  Araku  Valley  India 

13.41 

12.04 

Acree 

African  American 

10.90 

Cummins  and  Midlo15 

American 

20.7 

23.4 

Sudesh  Gungadin 

Karnataka,  India 

12.8 

14.6 

Vinod  C.  Nayak  et  al. 

Karnataka,  India 

11.05 

14.2 

these  limitations  are  overcome,  then  gender  differentiation  by  finger 
ridge  density  would  be  much  more  valuable  and  accurate. 

6.  Conclusion 

The  results  of  this  study  support  the  hypothesis  that  women 
commonly  have  greater  ridge  density  than  males.  The  differences 
between  male  and  female  ridge  density  are  statistically  significant, 
with  the  ridge  count  of  <13  ridges/25  mm2.  The  results  show  that 
women  have  more  ridge  density  than  men. 


The  statistical  analysis  of  likelihood  ratio  and  odds  ratio  shows 
that  ridge  count  <13  ridges/25  mm2  is  more  likely  to  be  of  male 
origin  (p  =  0.30),  whereas  ridge  count  >14  ridges/25  mm2  is  more 
likely  to  be  of  female  origin  (p  =  0.89). 

Posterior  probability  using  Baye’s  theorem13  shows  that 
a  fingerprint  with  ridge  count  of  <10  ridges/25  mm2  will  have 
a  higher  probability  to  be  male  (p  =  0.26).  Similarly,  a  ridge  count  of 
>17  ridges/25  mm2  will  be  more  indicative  of  females  (p  =  1.0), 
while  there  was  no  male  found  in  this  category  (Fig.  2). 

4.  Discussion 

Various  studies5-7  have  been  conducted  on  ridge  count,  mainly 
for  race  determination  and  genetic  inheritance,  but  not  many 
studies10-12  have  been  conducted  for  gender  determination  by 
fingerprint  ridge  count.  This  study  shows  that  women  of  South 
Indian  origin  have  significantly  higher  ridge  count  (mean  =  14.14) 
when  compared  to  men  (mean  =  12.57). 

The  results  obtained  in  this  study  are  similar  to  those  obtained 
by  Sudesh10  and  higher  values  obtained  by  Acree.12  The  results  of 
this  study  are  quite  encouraging  and  would  be  helpful  as  a  tool  for 
forensic  experts  and  law  enforcement.10  As  it  demonstrates  that 
females  tend  to  have  a  finer  ridge  density  than  men,  the  degree  of 
ridge  density  can  be  used  as  a  presumptive  indicator  of  gender  of  an 
unknown  print  left  at  a  crime  scene.12  This  can  be  achieved  simply 
by  qualitatively  examining  if  prints  appear  coarse  or  fine  and  then 
rapidly  quantifying  ridge  density  in  a  manner  analogous  to 
methods  described  in  this  study  (Table  3). 

5.  Limitations 

In  this  study  550  subjects  of  South  Indian  population  were 
considered.  Similar  studies  must  be  carried  out  on  a  larger  population 
and  focus  on  people  from  various  racial  origins.  Additionally,  further 
replicate  studies  should  be  conducted  on  South  Indian  population.  If 
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